When the SH groups of various derivatives of human haemoglobin are converted into their mercuric mercaptides small changes are observed in the optical rotatory dispersion in the range 385-294mju. These changes are proportionately greater for the reactive than for the unreactive SH groups. These observations have been interpreted in terms of the conformational changes that are likely to occur in the haemoglobin molecule on modification of the SH groups.
The haemoglobins contain two types of SH groups that are normally termed 'reactive' and 'unreactive' . The reactive SH groups show a chemical reactivity comparablewiththatofsimplethiols; theunreactive SH groups show a very low reactivity but become indistinguishable from the reactive groups when the protein is denatured. Human haemoglobin has two reactive and four unreactive SH groups/molecule.
The reactive SH groups react rapidly with heavymetal reagents, such as mercuric salts and organic mercury compounds of the type RHgX, to give the corresponding mercaptides. Riggs (1953) has shown that this reaction produces changes both in the affinity of haemoglobin for oxygen and in the degree of haem-haem interaction. These SH groups do not appear to be involved in the Bohr effect (Snow, 1962) .
The unreactive SH groups react slowly with heavy-metal reagents and Cecil & Snow (1962a,b) concluded that they contribute to the structural stability of the protein although the type of bond involved was then uncertain. Cecil & Thomas (1965) studied the kinetics of the reaction of the unreactive SH groups in human HbCOt with mercuric chloride in the presence of various concentrations of simple monohydric alcohols. They concluded that these groups were involved in hydrophobic interactions with other non-polar groups in the protein and that this was the reason for their low reactivity. They confirmed the observation by Cecil & Snow (1962b) that conversion of all six SH groups in HbCO into their mercaptides produced no change in the * Present address: Graduate Department ofBiochemistry, Brandeis University, Waltham, Mass., U.S.A.
tAbbreviations: HbCO, carboxyhaemoglobin; HbO2, oxyhaemoglobin; Hb, reduced haemoglobin; MetHb, methaemoglobin. absorption spectrum but they found that there was a small difference in the optical rotatory dispersion.
We have continued the study of the optical rotatory dispersion, using different derivatives of haemoglobin, as this appears to be the most sensitive method at present available for determining small changes in conformation. Modification ofthe reactive SH groups alone was found to produce similar changes and so the effect of various ethanol concentrations on the reactivity of these groups was also studied. were allowed to react with 10equiv. of HgCl2 at pH9-2 for 15hr. at 37°. The excess of HgCl2 was removed by dialysis against 0-05M-Na2S2O3-0-05m-Na2B4O7, pH9-2 (Cecil & Snow, 1962a Kineticm ofthe reaction with iodoacetamide. The reaction of the reactive SH groups of Hb and HbCO with iodoacetamide was followed polarographically in a Radiometer type PO4 recording polarograph as described by Cecil & Snow (1962a) . The polarographic reduction of iodoacetic acid has been described by Elving, Rosenthal & Kramer (1951) and Gergely & Iredale (1951) , and iodoacetamide was found to behave similarly. The buffers used in these experiments consisted of 0 1 M-tris-0-1 M-KCI, the pH being adjusted as required with HCI.
EXPERIMENTAL
Ab8orption 8pectra. Spectra were recorded on an Optika model CF4 recording spectrophotometer. A Hilger Uvispek instrument was also used for extinction measurements. Cecil & Thomas (1965) reported that a change occurs in the optical rotatory dispersion of HbCO between 385 and 294m,u when all six SH groups/ molecule are converted into the mercaptide. These observations have now been extended to HbO2 and Hb with both the reactive and unreactive SH groups substituted. It has been found that, in each case, changes occur in the same wavelength range. No differences were observed in the dispersion curves below 260m,u or above 450m,u and so these are not shown. Beychok's (1964) results with the corresponding horse proteins. HbCO is known to dissociate into half-molecules (ocfi-sub-units) at high ionic strength (Rossi-Fanelli, Antonini & Caputo, 1961; Kirshner & Tanford, 1964) . The dispersion curve was therefore measured in the presence of M-magnesium chloride but no change was observed.
RESULTS
Ab8orption spectra. Measurements of the absorption spectra of HbCO, RbO2 and Hb between 240 and 600m,u showed that no change was produced by reaction of the reactive SH groups with mercuric chloride or iodoacetamide or by reaction of all six SH groups with mercuric chloride.
Reaction with iodoacetamide. Since the effect of substituting the reactive SH groups was proportionately greater than that of substituting the unreactive groups, it was decided to see whether the former, like the latter, were involved in any form of non-covalent bonding. If a group, such as SH, is involved in hydrogen or hydrophobic bonding its tendency to ionize will be decreased (Laskowski & Scheraga, 1954; Scheraga, 1961) , and so any deviation ofits acid dissociation constant from the normal range gives a measure of its involvement in noncovalent bonding. Iodoacetamide was chosen for these studies because it reacts at a convenient rate with haemoglobin. It gives a well-defined polarographic reduction curve (see Fig. 3 ) and this provides a convenient method of measuring its concentration. The reactions were carried out in the polarographic cell at 250 and the current at -1 0v ( Table 2 . Reaction of iodoacetamide with HbCO at 250
The concentrations of the reactants were in the range 0-12-0-50mM (for HbCO this refers to the reactive SH groups). The buffer consisted of 0-1M-tris-0-M-KCl adjusted to the required pH with HCI; the pH was varied between 7-24-and 9-58. kapp. refers to the apparent second-order rate constant at any given pH. k refers to the true second-order rate constant with RS-.
kapp. Table 2 gives the results obtained with HbCO. The rate constant, k, and the acid dissociation constant of the reactive SH groups, K8H, were obtained by plotting l/kapp. against [H+] . Table 3 summarizes the rate constants and pKBH values obtained with all the compounds. Lindley's (1960) value for cysteine is given for comparison.
In view of the finding by Cecil & Thomas (1965) that the rate ofreaction of the unreactive SH groups with mercuric chloride was increased in the presence of alcohols, the experiments with iodoacetamide were repeated in the presence of ethanol. The results given in Table 4 show that, although the rate constants arelower, the pK'H values are unchanged. 9-14 9-18 9-13 stages of the reaction was estimated by amperometric titration with chloromercuribenzene-p-sulphonate (this reagent can be used in the presence of iodide) and was found to agree, within 3 %, with the amount of iodoacetamide remaining.
DISCUSSION
This work was undertaken in an attempt to interpret the changes in dispersion that were observed by Cecil & Thomas (1965) when the SH groups of HbCO were converted into their mercuric mercaptides. The evidence obtained may be summarized as follows:
(i) The changes in dispersion are confined to a limited wavelength range, namely 385-294m,u.
(ii) There is no corresponding change in the absorption spectrum.
(iii) Changes in dispersion of approximately the same magnitude were observed when HbCO, HbO2, Hb and MetHb were treated with mercuric chloride.
(iv) The changes are proportionately twice as great for the reactive as for the unreactive SH groups.
(v) The acid dissociation constants of the reactive SH groups of HbCO and Hb are in the same range as those of simple thiols.
It is convenient to discuss it in this order. The fact that there is no change in dispersion below 250mu after modification of the SH groups suggests that this does not induce a change in the helical content of the molecule. The absence of any change in the region of the 420m,u and 540mu HbO2 is converted into Hb. Curve I, difference in absorption spectrum; curve II, difference in optical rotatory dispersion.
absorption bands is harder to explain. These bands are present in the porphyrin and haemin spectra but the 345m,p band only appears when the haem group is combined with a protein. It is strong in HbCO and HbO2 but weak in Rb and MetHb. Unfortunately, the direction ofpolarization ofthis band in relation to the plane of the haem group and to the position of the SH group is not known and so no detailed interpretation can be attempted. The type of change in dispersion that is induced by a change in the absorption spectrum of the haem group is illustrated by the conversion of HbO2 into Hb. Fig. 4 shows the difference curves of both the absorption spectra and the dispersion of the two proteins. A change in dispersion appears in the region of each absorption band. Table 1 shows the change in dispersion that occurs per reactive and unreactive SH group in HbCO2, HbO2, Hb and MetHb. The fact that the magnitude of these changes is the same in the different derivatives of haemoglobin suggests that the changes in conformation may be limited to the immediate vicinity of the cysteine side chain concerned; it could be confined to the rotation ofthe side chain about the oc-carbon atom. This view is consistent with the evidence obtained by Cecil & Thomas (1965) from the slow reaction of the unreactive SH groups of HbCO with the complex, Hg(SO3)22-. They found that the reaction was first-order with respect to the concentration of SH and zero-order with respect to Hg(SO3)22-and so the limiting process can be represented by the equation:
[RSH-bound] -[RSH-free] The increase in the rate of the reaction in the presence ofalcohols suggested that, in [RSH-bound] the SH groups were involved in hydrophobic interactions whereas in [RSH-free] they were unbound and able to react rapidly to form mercaptides. Since the mercaptide group is polar the cysteine side chain would be unable to return to its original position in a non-polar environment. Perutz (1965) has shown that, of the four unreactive SH groups in human haemoglobin, two (at 104ca) lie in the interior cavity of the a-chains between helices and two (at 112fi) lie in the area of contact between the a-and ,8-chains. The first pair must therefore contribute to the stability of the a-chains and the second pair to the linkage between the c-and ,B-chains. This is consistent with the observation that dissociation of HbCO into accf-subunits at high ionic strength produces no change in dispersion or in the behaviour of the SH groups.
The finding that the dispersion change associated with modification of the reactive SH groups was greater than with the unreactive groups is surprising in that there is no reason to suppose that the reactive groups are involved in hydrophobic bonding. As an additionalchecktheaciddissociation constants were measured, since any involvement in non-covalent bonding will result in an abnormally high pK6. However, the constants obtained with HbCO and Hb (Table 3) were comparable with those of cysteine and glutathione. This agrees with Perutz's (1965) finding that these SH groups (at 93 ), in contrast with the unreactive groups, lie on the surface of the molecule (close to their respective haem groups) and therefore in a polar environment.
It is still possible that substitution of these SH groups, either with mercuric chloride or iodoacetamide, could induce a change in position of the cysteine side chain for steric reasons. Since they are closer to the haem group than the unreactive SH groups this could produce a proportionately larger change in dispersion. This proximity to the haem group is sufficient to account for the previous findings by Riggs (1953 ), Riggs & Wolbach (1956 and Gibson & Roughton (1955) that modifications of the reactive SH groups produced changes in the oxygen affinity and in the haem-haem interactions. There is no need to assume that this effect has any special biological significance.
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